Evidence synthesis for this systematic review
=============================================

Non-cancerous induced urethral stricture (US)
---------------------------------------------

US disease is one of the oldest known urologic diseases, and continues to be a common and challenging urologic condition. It is defined by the constriction of the urethral lumen due to the fibrosis or scarring of the urethral epithelium and its surrounding tissues. Nowadays, US is increasingly encountered by urologists worldwide and its prevalence can occur at a rate as high as 0.6% in men, resulting in more than 5,000 inpatient visits yearly ([@r1]). It can be caused by a wide spectrum of etiologies ranging from pelvic traumas, repetitive instrumentation, traumatic catheterization (CIC), aggressive transurethral resection, localized or diffuse inflammation (balanitis xerotica obliterans), infection (gonorrhea), adult hypospadias, congenital or idiopathic etiologies ([@r1]).

Historically, urethral dilation is considered the oldest and simplest form of management of US, which can be performed with a number of different urologic procedures or devices. In 1974, Saches introduced direst vision internal urethrotomy to treat US by either incision or ablation, which has been considered standard therapy for the anterior US. Despite its invasiveness, an open urethral reconstruction is the most successful management option for management of US. These therapeutic options can be carefully selected according to the etiology, site and length of the US as well as patient medical conditions, functional and performance status. A number of clinical reports have examined the role of incision urethrotomy in the management of US over the past 10-20 years. The mean follow-up on these case series was commonly \<12 months (range, 3-20 months) with a variety of end-points, stricture locations, and success rates (46-84%) being reported ([@r2],[@r3]). Adding to this, a considerable proportion of patients will invariably develop recurrences of the strictures in 6-12 months following their initial treatment and will eventually require surgical repair of higher complexity and morbidity ([@r4]).

There is a paucity of published literature regarding adjunctive treatment in the management of non-cancerous induced US. In 2007, a prospective study by Mazdak *et al.* evaluated 20 patients with anterior USs who underwent submucosal injection of Mitomycin-C (MMC) at site of internal urethrotomy, compared to the matched control group of internal urethrotomy alone. This study shows that US recurred in two patients (10%) in the MMC-treated group, compared to ten patients (50%) in the control group (P=0.006). Mazdak *et al.* concluded that MMC injection can significantly reduce US recurrence after internal urethrotomy and advocated further investigations to confirm its efficacy and safety ([@r5]). Despite this, Mazdak's study pioneered the utilization of MMC as an adjunctive maneuver in the treatment algorithm of US. There have been no advancements of this innovative technique or validation studies to examine its efficacy, safety and reproducibility in the clinical setting, and the only therapeutic options for US were primarily endoscopic or surgical. Indeed, it is noteworthy to acknowledge that corpora spongiosum is a highly vascular structure that can increase the local diffusion and absorption of the adjunctive agents injected into the US area. Hence, this potential phenomenon can significantly reduce the local effect of these injectable adjunctive agents in the management of US.

Cancerous induced US
--------------------

With the increased number of patients treated with radical prostatectomy (RP) or radiotherapy for localized prostate cancer, the development of its complications such as US and/or bladder neck contractures (BNC) after these treatment modalities, are expected to rise over the next decade worldwide ([@r6]). Traditionally and in contemporary urologic practice these types of complications are usually treated by urologists in both academic and non-academic settings ([@r7]). With the recent advent of the surgery and refinements in surgical techniques, the prevalence of BNC following RP has continued to decline over the last two decades. Moreover, the overall prevalence of BNC was lower in the contemporary cohort that underwent robotic assisted laparoscopic prostatectomy (RALP) in comparison to the historical open RP patient population, owing to the advanced robotic surgical techniques such as enhanced magnification and a running bladder anastomosis ([@r7]). Despite this, a cohort of patients continued to develop vesicourethral anastomotic stricture and/or BNC that required further specialist referral and subsequent treatment ([@r7]-[@r9]).

Although numerous patients undergoing initial treatment of BNC can achieve successful early result with satisfactory outcomes, a significant group of patients may develop recurrent, refractory or recalcitrant US and/or BNC ([@r4],[@r10]-[@r18]). Hence, this group of patients may pose clinical dilemmas and their definitive management can be challenging to reconstructive urologists. Additionally, it is now well known that the type of primary treatment selected for patients with prostate cancer, weather unimodal or bimodal, has detrimental effects on the development of subsequent US and/or BNC. For example, in patients undergoing RP, US and/or BNC often develop because of technical factors related to vesicourethral anastomosis, which can be prevented during RP through a tension-free watertight anastomosis with mucosal eversion ([@r19]). In a large retrospective study by Gonzalgo *et al.,* the overall prevalence of BNC decreased after robotic RP (0-3%) ([@r20]) as compared to historical data after open RP (0.5-32%) ([@r21]). Likewise, US and/or BNC can also develop following pelvic radiotherapy, however, by different mechanistic effect as the microvascular effects and progressive obliterative endarteritis usually lead to tissue necorsis of the urethra and/or bladder neck ([@r22]). Although BNC can also manifest following conventional transurethral resection of the prostate (TURP), a smaller rate of such complication has been reported with newer technologies such as laser prostatectomy (3-5%) ([@r23]).

Specific risks factors associated with the development of US and/or BNC have recently been examined in various studies in an attempt to prevent and better treat these complications ([@r24],[@r25]). Nevertheless, the management of refractory or recalcitrant disease remains challenging and non-standardized, due in part to a paucity of long-term clinical data. Traditionally, most contractures are often managed successfully with conservative measures such as serial dilations or transurethral release/incisions of the bladder neck, with overall success rates ranging from 50-87% ([@r4],[@r24]-[@r29]). However, when conservative measures fail, patients with refractory or recalcitrant BNC will likely require additional treatments modalities with increasing procedural complexity. Over the last decade, there have been novel experimental and clinical reports that utilized for the first time injectable agents with anti-proliferative, anti-scar properties (steroids and MMC) as adjunct to transurethral incision of BNC. [*Table 1*](#t1){ref-type="table"} lists various therapeutic modalities utilized for the management of refectory or recalcitrant US and/or BNC.

###### Various therapeutic modalities utilized for the management of refectory or recalcitrant urethral strictures (US) and/or bladder neck contractures (BNC)

  Least invasive                                                                    Modest invasiveness                                          Most invasiveness
  --------------------------------------------------------------------------------- ------------------------------------------------------------ ------------------------------------------------------------------------------------------------------------------------------------------
  Clean intermittent self-catheterization (CIC) ([@r29])                            Endoscopic incision and/or dilation ([@r24])                 Abdominal excision of bladder neck scar with re-anastomosis or incision of scar with grafting and/or flap reconstruction ([@r30])
  Office based serial urethral dilation ([@r29])                                    Urethral stents ([@r25])                                     Perineal excision of bladder neck scar with end-to-end anastomosis or incision of scar with grafting and/or flap reconstruction ([@r31])
  Urethrotomy with injection of steroids ([@r32]) or Mitomycin-C (MMC) ([@r33])     Abdominoperineal scar excision and re-anastomosis ([@r34])   
  Standard urethral reconstruction (primary anastomosis, graft and flap) ([@r35])                                                                

Risk factors for developing US and/or BNC
-----------------------------------------

Numerous risk factors are associated with the development of US and/or BNC following prostate surgery, including surgical technique, surgeon experience, post operative complications, and patient co-morbidities. In a retrospective analysis by Borboroglu *et al.,* a total of 467 patients were studied following RP and the development of BNC was observed in 52 patients ([@r19]). This study incorporated a multivariable analysis to assess clinical predictors of BNC, and determined that intra-operative blood loss, increased operative time, positive smoking history, diabetes mellitus and coronary artery disease were significant predictors associated with the development of BNC. Moreover, a systematic analysis of the Cancer of the prostate Strategic Urologic Research Endeavor (CaPSURE) database, determining the incidence of US and/or BNC following primary treatment for clinically localized prostate cancer, found that patient age, basic metabolic index (BMI) and primary type of treatment were all prognostic indicators for the development of clinically significant strictures requiring treatment and higher rate of BNC with unfavorable consequences after multimodal radiotherapy, such as brachytherapy plus external beam radiotherapy or salvage prostatectomy ([@r34]). This study also highlights that strictures after RP occurred typically within the first 24 months, whereas its onset was delayed after pelvic radiotherapy likely because of progressive radiation-induced fibrosis and tissue necrosis ([@r22]).

Methods
=======

A detailed, comprehensive literature review was performed to identify all published peer-reviewed articles describing injectable agents and US and BNC in the urological literature over a 13-year period (2000 to 2013). The search was conducted using the MEDLINE^®^ database, the Cochrane Library^®^ Central Search, and the Web of Science. Initial search terms were injectable agents and US and BNC. Search results were screened for appropriate studies with particular emphasis placed on clinical and experimental studies as well as review articles. Articles referenced were screened to maximize review and inclusion of pertinent data. While English language text was not a specific search parameter, only English language publications were considered. All relevant studies collected were carefully examined to extract relevant data pertained to injectable agents used in US and/or BNC.

Treatment modalities of US and/or BNC
-------------------------------------

The Urolume^®^ (AMS, Minnesota, USA) was first introduced by Milroy in 1988 as a novel minimal invasive stent to treat USs ([@r36]). Although initial studies regarding the use of the Urolume stents were promising, numerous problems were encountered with urethral stenting, including stent migration, obstruction secondary to tissue in-growth, hematuria, stent encrustation, and the need for repeat surgery ([@r37],[@r38]). A prospective study by De Vocht *et al.* evaluated 15 patient satisfaction surveys 20 years after placement of the Urolume stents and found that only two patients were satisfied with their Urolume stents. Moreover, four patients had their Urolume stents removed (two for intractable pain and two for stent obstruction). Other Urolume complications in De Vocht's study were urinary incontinence (50%), erectile discomfort and ejaculation disorders ([@r37]). Additional study by Hussain *et al.* evaluated the utilization of Urolume stents in a total of 38 patients who had undergone primary radiation or surgery for the treatment of localized prostate cancer ([@r38]). This study showed that 58% had complications, with reoperation rate 45% for obstructing stent hyperplasia (32%), stent obstruction or stricture (25%) and stent encrustation or calcification (17%). Additionally patients experienced post micturition dribbling (32%) and recurrent urinary tract infections (27%). The Urolume stent is no longer commercially available.

More recently, the ability of the Memokath™ (044TW) stent to maintain urethral patency after dilation or internal urethrotomy for recurrent US has been systematically evaluated in a large scale randomized, multi-institutional study ([@r39]). The Memokath™ stent is a removable, densely coiled thermoexpandable stent manufactured from nitinol, a biocompatible alloy of nickel and titanium. The stent has a 24 Fr outside diameter and is preloaded on a disposable delivery device. When correctly positioned, the stent is anchored by warm water (55 °C) instillation, which expands the proximal end of the stent from 24 to 42 Fr. The stent was provided in lengths of 30 to 70 mm in 10 mm increments. The Memokath has been previously used to treat prostatic obstruction and detrusor dyssynergy in the posterior urethra and was recently evaluated for use in the anterior urethra. In Jordan's study, 92 patients were randomized to dilation/incision followed by temporary foley catheter drainage (n=29) versus followed by Memokath stenting (n=63) for recurrent bulbar USs. The primary endpoints were urethral patency, defined as the ability to pass a 16 Fr flexible cystoscopy and reflected in significantly improved uroflowmetry and symptom scores. Urethral patency was 3.5 times longer in the Memkath stented group than the non-stented group (median 292 versus 84 days, P\<0.001) and all stents were removed successfully. Durability effect on the US was not assessed. This study concluded that patients with recurrent bulbar USs treated with dilation or urethrotomy followed by a Memokath™ stent maintained urethral patency significantly longer than those treated with dilation or urethrotomy alone ([@r39]). Side effects of the Memokath™ stent included urinary tract infections, hematuria, and penile pain. Stent migration occurred in 22% of patients. The ease of placement and removal of the Memokath™ stent may prove useful for recurrent bulbar US in medically unfit patients or patients unable to undergo formal urethral reconstruction. Further clinical study is warranted to validate and reproduce the Memokath™ stent safety and efficacy.

Intermittent or gradual dilation of the bladder neck has been used to treat contractures and prevent recurrent disease. In a large study from the United Kingdom of 510 patients who underwent open RP over a 9-year-period, the prevalence of BNC was reported at 9.4%, which was managed successfully with urethral dilation or clean intermittent self-CIC ([@r29]). Although CIC provides a non-surgical approach to BNC management, significant patient tolerance and compliance are necessary for successful results. Adding to this, some patients experience complications of CIC such as recurrent urinary tracts infections, hematuria, false urethral passages and USs.

A more widely practiced approach is cold knife endoscopic incision of BNC. Yurkanin *et al.* evaluated efficacy of cold knife urethrotomy in first-time diagnosis of BNC following RP ([@r40]). The authors reported that cold knife urethrotomy provides safe and effective response for the initial treatment of patients with anastomotic stricture after RP. However, there is limited long-term data for patients undergoing repeat endoscopic procedure for recurrent, refractory or recalcitrant BNC. A recent study by Ramirez *et al*. from University of Texas Southwestern reported preliminary (3-month follow-up) results on combination of endoscopic balloon dilation with transurethral incision of bladder neck. Short-term success rate were high but longer follow up is needed ([@r24]).

In patients with long areas of contractures not amenable to endoscopic procedures, devastating BNC from distraction injuries or those failed numerous endoscopic managements merit consideration for open reconstruction of bladder neck. Open surgical reconstruction may be technically challenging and could cause greater morbidity. Various open surgical approaches have been previously prescribed such as abdomino-perineal, perineal or transpubic. Pfalzgraf *et al.* examined their single institutional experience with an open retropubic reanastomosis for highly recurrent and complex BNC in 20 patients after RP ([@r41]). The reported success rate after reanastomosis was 60%. There was a relatively high risk of new onset urinary incontinence after reconstructive surgery but this was successfully treated with artificial urinary sphincter (AUS) implantation in most patients ([@r41]). Mundy *et al.* recently reported satisfactory results in 21 of 23 (91%) patients who underwent transperineal revision of the vesicourethral anastomosis after RP, with all patients requiring subsequent AUS placement ([@r35]). Additional open surgical reconstructive techniques were previously described in a small case series of four patients with vesicourethral anastomotic stricture following RP treated with various surgical approaches: primary excision of bladder neck with end-to-end anastomosis, penile fasciocutaneous flap and free graft urethroplasty ([@r31]).

Newer treatment modalities of US and/or BNC
-------------------------------------------

Although conventional approaches to refractory or recalcitrant BNC include endoscopic therapy through incision or dilation or open surgical excision with re-anastomosis, experimental techniques involving resection with the Holmium laser or injection of medications with anti-proliferative properties at the site of the bladder neck incisions have recently been reported in the published literature. With two years of follow up, Eltahawy *et al.* reported an 83% success rate in BNC treatment in 24 patients undergoing holmium laser incision followed by injection of 80 mg triamcinolone at the contracture site ([@r32]).

A recent study from the Lahey Clinic described for the first time the management of recurrent BNC with radial urethrotomy combined with intralesional MMC, which resulted in bladder neck patency in 72% of the patients after one procedure and in 89% after two procedures at minimum follow up of 12 months ([*Figure 1*](#f1){ref-type="fig"}) ([@r33]). The MMC drug is an anti-proliferative and anti-scar forming agent, well known as an antitumor antibiotic, was discovered in 1958 and has been used clinically since 1963, when it was first stemmed from pterygium surgery. In in-vitro and animal models MMC has been shown to inhibit fibroblast proliferation, collagen deposition and scar formation ([@r42]-[@r44]).

![(A) Cold knife urethrotomy; (B) MMC injection (republished with permission from Journal of Urology) ([@r33]). MMC, Mitomycin-C.](tau-03-02-170-f1){#f1}

Ionizing radiation has been shown to prevent hypertrophic scarring and keloid formation. This prompted Olschewski *et al.* to evaluate the therapeutic effect of endourethral brachytherapy for prevention of recurrent US after internal urethrotomy ([@r45]). In this study, ten patients received internal urethrotomy followed by high-dose-rate (HDR) brachytherapy (12-16 Gy) within 5 hours after internal urethrotomy. There results showed 90% success rate after 15 months follow up. They concluded that endourethral HDR brachytherapy proved to be an effective method that can reduce urethral re-stricture. Similarly, Sun *et al.* found that an intraurethral brachytherapy (16 Gy) after internal urethrotomy or transurethral resection of scar is a safe and effective treatment for recurrent USs ([@r46]). They recruited 17 patients with recurrent US and obtained a 93% stricture-free rate after 20 months follow up. Although initial studies have shown promising results in preventing recurrent US, these results should be interpreted within the limitation of the preliminary results, the small size sample, and the single-arm study design. Whether the endourethral brachytherapy actually helps in the management of recurrent US is yet to be determined, and the actual radiation dose, duration as well as long-term safety and efficacy need to be systematically evaluated as end-points in a large randomized clinical trial.

Histologically, US presents as collagen-rich connective tissue and ﬁbroblasts that replace the corpus spongiosum surrounding the urethra. This suggests that synthesis of collagen and other extracellular matrix proteins are involved in this process. Halofuginone, a plant alkaloid originally isolated from the plant dichroa febrifuga, was identiﬁed as an effective antiﬁbrotic agent by inhibiting collagen α-1 gene expression and collagen synthesis in various tissues at extremely low concentrations ([@r47]). Nagler *et al.* administrated halofuginone into a US rat model either orally in concentrations 1 and 5 ppm in the diet or by injection of 0.03% halofuginone dissolved in 2% lignocaine directly into the urethra once a day for 7 days. They found that halofuginone injected into the urethra or orally at 5 ppm normalized the urethrogram and prevented increases in collagen α-1 gene expression and collagen content as well as inhibited the collagen secreted by ﬁbroblasts derived from the rat male urethra ([@r48]). Another animal study by Jaidane *et al.* conducted a two-phase study of Halofuginone on US ([@r49]). In the ﬁrst phase, 20 rabbits of US model induced by electro-coagulation were randomly assigned to two groups of ten each, which received a diet containing halofuginone or a normal diet. Three weeks later, US developed in two study rabbits (20%) versus ten controls (100%). In the second phase, electrocoagulation-induced US was treated with visual internal urethrotomy in halofuginone and a normal-diet group, respectively. US evaluation was done ten weeks thereafter; recurrent stricture was observed in 5 of the 18 study rabbits (27%) versus 14 of the 19 controls (73%). It should be noted that these studies were performed on animal models with limited study size. Halofuginone demonstrated the promising antiﬁbrotic effects; however, the efﬁcacy and safety should be further investigated in clinical settings.

Kim *et al.* recently described their experience of hyaluronic acid (HA) instillation with visual internal urethrotomy for US ([@r50]). They instilled HA via an 18-gauge tube catheter between the urethral lumen and foley catheter after urethrotomy. One year later, 53% of the patients were stricture-free as followed up with retrograde urethrography, uroﬂowmetry, and post void residual urine. Kim's study claimed that the success rate of urethrotomy combined with HA instillation was not higher than that observed in the published literature for conventional urethrotomy. The use of HA was further examined by Chung *et al*. in a randomized fashion in a total of 120 patients who underwent internal urethrotomy for US ([@r51]). They recently reported combination use of HA with carboxymethyl cellulose (CMC) in preventing recurrence of US after internal urethrotomy ([@r52]). In Chung's study, patients were randomly divided into two groups: HA/CMC instillation group (n=60) or control-lubricant instillation group (n=60) postoperatively. They found that HA/CMC instillation could effectively decrease the incidence of US formation/recurrence postoperatively as compared with the control group. Extended follow-ups are needed to confirm the long-term effects.

Other therapeutic agents and techniques, including maintaining the temperature of the urethra during TURP, intraurethral use of captopril gel and cyclooxygenase-2 inhibitor are sporadically reported with varying benefits ([@r52]-[@r54]). However, the safety and efficacy of these agents and techniques will need to be validated in a large randomized study where patient safety, efficacy and outcomes are end-points.

Future directions
-----------------

Interestingly, newer agents have been validated in treatment of other urologic conditions such as Peyronie's disease. In a prospective study by Jordan, the efficacy and safety of intralesional clostridial collagenase injection therapy was examined in a total 25 patients with Peyronie's disease ([@r55]). Clostridial collagenase is a chromatographically puriﬁed bacterial enzyme that selectively attacks collagen ([@r56]), shown to be the primary component of the Peyronie's disease scar ([@r57]). Moreover, Collagenase is currently FDA-approved for debriding chronic dermal ulcers and severely burned tissues ([@r57]). Significant decreases from baseline were achieved in the penile deviation angle, plaque length/width and overall patient satisfaction. This study concluded that this novel approach may well have significant benefit in the management of Peyronie's disease, however a double-blind, placebo-controlled study is warranted to validate its preliminary results and outcomes ([@r57]). Given the known anti-collagen properties of clostridial collagenase, this used in combination with transurethral incision of US and/or BNC could improve successful treatment of recurrent, refractory or recalcitrant US and/or BNC.

Animal studies have evaluated the efficacy and effectiveness of biodegradable stents in vitro with promising results, however, clinical studies are required to validate their safety and efficacy in humans ([@r58],[@r59]).

Summary
=======

The development of US and/or BNC is a relatively uncommon but well described condition observed primarily in men. Although the prevalence of US and/or BNC has decreased in recent years, management of this condition remains challenging for clinical urologists. Numerous treatment options exist for this condition that vary in procedural severity, including intermittent self CIC, serial urethral dilation, endoscopic techniques and open reconstructive repairs. Repetitive procedures for this condition may carry increased failure rates and morbidities. For the treatment of refractory or recalcitrant BNC, novel intralesional anti-proliferative, anti-scar agents such as steroids and/or MMC have been used in combination with transurethral bladder neck incisions to augment outcome and long-term effects. Long-term clinical data are lacking and double-blinded randomized clinical trials are needed to validate safety and efficacy where patient safety, efficacy and outcome are end-points.
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